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(P < 0.001) in castrates confirms that the testis is the major source of oestrogens in males. Although there was no significant change in the body weight, serum IGF-I levels were elevated in the castrates as compared to the controls after 5, 6 and 7 weeks (P < 0.001). IGFBP bands of 43 and 39 kda predominate in both control and experimental groups indicating that castration had no effect on the IGFBP pattern. It is suggested that the increase in IGF-I levels may be due to uncoupling of GH/IGF-I axis induced by the decrease in steroid concentrations due to castration. castration / IGF-I / IGF-I binding proteins / pig Résumé -Effet, chez le porc, de la castration sur les stéroïdes gonadiques, l'insulin-like growth factor 1 et ses protéines de (Florini et al, 1991) . It circulates in blood bound to specific binding proteins (IGFBP) of approximately 18 and 43 kDa (Smith, 1984) . IGF-I and IGFBPs in serum have been studied in gilts and sows under various experimental conditions including ovariectomy (Barb et al, 1992; Howard and Ford, 1992; Killen et al, 1992; Cox et al, 1994; Klindt et al, 1994) . In boars, castration led to a fall in serum GH and IGF-I levels (Arbona et al, 1989; Dubreuil et al, 1989; Louveau et al, 1991) . In rats, pre-pubertal castration led to a further increase rather than ablation of the pubertal IGF-I surge indicating an important functional relationship between hypothalamic-pituitary-gonadal function and hormonal regulation of peripubertal circulating IGF-I levels (Handelsman et al, 1987) . Even when GH levels are high, serum IGF-I concentration is dependent on the nutritional state of the animal and is decreased with energy deficiency (Prewitt et al, 1982) , protein deficiency (Maes et al, 1988) and in starvation (Maes et al, 1984) .
During nutritional restriction, the GH/IGF-I axis becomes uncoupled in swine, which may limit the expression of the anabolic effects of GH (Buonomo and Baile, 1991) .
It has been found that 43-and 39-kDa IGFBPs decreased with weaning and fasting, while the 29-kDa band increased with weaning and fasting (White et al, 1991 Although changes in metabolic status can mediate short-term nutritional effects on reproductive function (Booth et al, 1994) , the actual mechanisms mediating nutrition-reproduction interactions are not well-defined. In male calves, serum concentrations of testosterone, IGF-I and IGFBP-3 increase together, but independently, during the onset of puberty (Renaville et al, 1996 (Frey et al, 1994) . The acid-ethanol extraction efficiency was estimated to be 100 ± 12% and was successfully employed in gilts (Charlton et al, 1993) .
IGF-1 assay
The IGF-I assay and the western ligand blotting of IGFBPs were as described elsewhere (Huang et al, 1994 (fig 4) . The 43-and 39-kDa bands predominated in both pre-and postcastration samples.
DISCUSSION
The weight gain achieved by the entire and castrated pigs was low and live weight was well below the normal weight usually achieved by Large White x Landrace pigs at 8-9 months. This is probably because these animals were fed a raw soybean-based diet in the initial stages of growth (from birth to about 7 months of age). Concomitant to these body weight changes, serum IGF-I levels were also much lower compared to other studies using males of similar ages or slightly younger males and the same method of extraction (Louveau et al, 1991) . This is also probably due to the fact that our pigs were underfed from birth. Such a hypothesis agrees well with earlier reports showing that feed restriction is susceptible to a decrease in circulating IGF-I in pigs (Buonomo and Baile, 1991; Cosgrove et al, 1992; Charlton et al, 1993) . Similarly, underfeeding significantly reduces plasma IGF-I concentrations in heifers (Spicer et al, 1992) . Lower concentrations of IGF-I under energy deficit result probably from an uncoupling of IGF-I secretion from GH secretion (Thissen et al, 1994 (Yen et al, 1977) . This is in contrast to the response noted in the chick (Yen et al, 1973) and in the rat (Yen et al, 1971) . In the present study, pancreatic hypertrophy seen only in castrated pigs suggests that the mechanism of compensatory hypertrophy of the pancreas in pigs may interact with the presence of the testicular hormones.
In the present study, serum IGF-I levels increased in the operated pigs after castration and became higher than in controls. This effect of castration is contrary to that observed by Louveau et al (1991) and Arbona et al (1989) in male pigs. In rats, prepubertal castration has been shown to increase serum IGF-I levels and the involvement of hypothalamic and/or hepatic programming in this process has been proposed (Handelsman et al, 1987) . The involvement of gonadotrophins in prepubertal rise of IGF-I has also been suggested in bulls (Renaville et al, 1996) . (Buonomo and Baile, 1991) . Therefore, the effect of undernutrition should also be taken into account to explain the differences between studies. Since fasting or restricted feeding uncouple the GH/IGF-I axis (Thissen et al, 1994) , the influence of steroid hormones on IGF-I secretion may be altered in our pigs suffering chronically from undernutrition.
The pattern of binding proteins in our boars was similar to that reported in the plasma of sows and younger pigs of unspecified sex (McCusker et al, 1988; Lee et al, 1991) with the 43-and 39-kd proteins being predominant. The IGFBP pattern does not seem to be affected by castration, in spite of an increase in IGF-I levels. Independent variations in concentrations of testosterone, IGF-I and IGFBP-3 were also observed during the onset of puberty in bulls (Renaville et al, 1996) . This suggests that IGFBP-3 is not affected by gonadal hormones.
CONCLUSION
Our experiment shows an unexpected increase in plasma IGF-I after castration in boars. Two hypotheses may explain this phenomenon: 1) the influence of testicular hormones is modified in slow-growing pigs; 2) testicular hormones have an impuniting effect and the influence of castration depends on the age at which it is performed.
